The hippopotamus ( H . aniphihic/s I-.) has been a relatively familiar animal since antiquity, but has only recently been examined systematically. Reports of disease in the wild hippopotamus have been limited to observations on arteriosclerosis5,8, the pathologic changes in schistosomiasis7, and the prevalence of parasitess. 14-16, pathogenic bacterias, and serum antibodiesg. For this reason, it was considered worthwhile to do detailed autopsies on a large number of hippopotami.
10% formalin at the collection site.
The aortas were ranked subjectively in order of severity of arteriosclerosis. Ten days later they were again ranked by the same observer without reference to the original ranking, and the two subjective rankings compared using SDearman's rank correlation test". Sixty-three of the 72 vessels ranked in the same third of the array on re-ranking. The correlation value (C) was 0.87, indicating the degrees of arteriosclerosis observed were sufficiently different to allow ready and repeatable subjective ranking.
Results
Some anatomic peculiarities of the hippopotamus were observed. The diaphragm is very obliquely placed, so that the thoracic aorta is very long and the abdominal very short. The renal arteries arise at the bifurcation. The lungs are placed dorsally. They have well-developed lobular septae, and there are muscular sphincters in the bronchioles. There are sphincter-regulated arteriovenous anastomoses in the intestinal submucosa.
* LAWS, R.M. Personal communication, to be published.
Some Diseases of the Hippopotamus

555
Cardiovascular System
The major coranacy arteries of 25 animals of varied ages were examined in detail for arteriosclerosis. None was found.
Lesions of the q w a r d i z m were rare and limited to occasional tiny inflammatory or necrotic foci, usually involving only one or two fibers, and to occasional microscopic scars. Although in older animals often marked medial thickening of intramural coronary branches and arterioles occurred occasionally (Fig. 2) , nothing resembling myocardial necrosis or infarction was ever found.
The most striking changes involved the valves and endocardilrm of the right atrium and right ventricle, only rarely and minimally the left side of the heart. The earliest changes included edema of the endocardium and valves, with adhesion of circulating neutrophils and eosinophils, and no change in the subendocardial tissues. This progressed to a villous proliferation of the endocardium which could be seen with the unaided eye. Small fibrinous masses could be found occasionally. Further progression with vascularization and fibroblastic proliferation in the villi resulted in a marked thickening and nodularity of the endocardium (Fig. 3) . As the lesions progressed, cellular infiltration and fibrosis of the underlying myocardium appeared. In a few individuals the process appeared to have abated leaving a dense, thick, fibrotic endocardium and a fibrotic subjacent myocardium.
These changes, though very common in the milder or earlier stages, were usually not readily detected on the gross specimen and, when well developed, emerged as a velvety or nodular thickening and opacity of the endocardium and valves. They were found throughout life, but paralleled schistosomal hepatitis in severity rather than correlating with age.
There was always a large (2.5 cm) fibrous plaque in the aorta at the site of insertion of the obliterated ductus arteriosus. Arteriosclerotic lesions became apparent at about age group 3 as thickenings at the distal rims of ostia of branches of the abdominal aorta. These progressed with age to form firm ridges extending along the aorta to connect adjacent ostia. There were, at times, pronounced thickening and wrinkling. Other lesions, particularly in the thoracic aorta, may have begun as punctate thickenings which enlarged and coalesced with age. When calcification occurred, it was usually in plaques at the ostia of the great vessels of the arch and at the bifurcation. Lesions were
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0 never complicated by ulceration or thrombosis, nor was any large enough to interfere with blood flow. Microscopically, the small lesions were found in the inner or luminal half of the media, with focal disruption of elastic fibers and formation of clusters of smooth muscle cells (Fig. 4) . Large lesions had marked destruction of elastic fibers, and large and small clusters of smooth muscle cells. Large lesions, at times, involved the full thickness of the media (Fig. 5) W. E., x12.
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their internal elastic laminae. Ossification as well as calcification, at times, occurred in plaques of the aortic arch. There was a tendency for severity of aortic arteriosclerosis to increase with age ( Fig. 1) . However, the curve expressing this relationship tended to flatten in the upper age range, indicating a stabilization of the process, with insignificant progression beyond age group 14.
Respiratory System
All animals had varied degrees of a peculiar "pneumoconiosis", with nondescript, partly crystalline debris aggregated in lymphatics around vessels and bronchioles and in mediastinal lymph nodes. Reaction in these sites was limited to a few foreign-body giant cells. The composition of this material was not determined.
Mild degrees of bronchitis and focal pneumonitis were very common. A few lungs had pronounced endovasculitis ( Fig. 6 ) with marked intimal edema and infiltration by inflammatory cells. Occasionally this resulted in occlusion of the vessel. Arterioles in the same lungs or in lungs of animals with advanced endocarditis occasionally had marked medial thickening (Fig. 7) . Schistosome ova or arteriovenous fistulae were not found.
One animal (age group 8) had a region of congenital segmental bronchiectasis, measuring 9 x 6 x 5 cm, in one lung. This was characterized by many abnormal sinusoidal arteries and ectatic bronchi with abnormally formed bars and masses of histologically normal cartilage packed together with no intervening parenchyma, separated only by loose connective tissue. Most ectatic bronchi were filled with pus. The remainder of the lung had bronchitis, pneumoconiosis, and endovascular changes.
Digestive System
The liver of the hippopotamus is distinctly lobulated, resembling that of the pig. Deposits of lipochrome pigment were often very heavy, particularly around central veins in older animals. Few livers could be considered normal; most had at least foci of parenchymal necrosis, tiny scars, and interlobular aggregates of inflammatory cells.
The majority had schistosomal hepatitis of some degree. Often there was simply mild portal phlebitis with intimal edema. Lymphoid masses, occasionally approaching a centimeter in diameter, could be found in the walls of the intrahepatic portal veins. Impaction of ova or adult worms in the portal radicles resulted in widespread damage with phlebitis, thrombosis, inflammation, and secondary thrombosis of adjacent arteries. Portal fibrosis with angiomatoid change was common. The ova and worms caused a highly cellular granulomatous (Fig. S) , with pseudotubercles, which progressed along the interlobular septae, isolating lobules and producing a cirrhosis-like picture.
The bile flukes Fasciola Vanse produced widespread cholangitis, bile-duct-centered abscesses, occasionally with dense fibrosis and osteoid metaplasia, and atypical epithelial hyperplzsia within duct remnants. Abscesses were often multiple.
All animals had changes of the intrahepatic bile ducts customarily regarded as the residuum of inflammation-proliferation of bile ducts and mild periductal fibrosis-without evidence of active inflammation.
The youngest animal examined histologically (age group 4) had coccidiosis of the bile ducts (Fig. 9 ). This infestation although destroying the mucosa of the bile ducts, did not greatly affect the adjacent hepatic parenchyma. The lesions were very similar to those of hepatic coccidiosis in the rabbit12.
Because of the method of collection, the mucosa of the intestines was usually severely autolysed by the time of examination. The submucosal structures were intact. The only abnormality in the intestines was the presence of large numbers of schistosomes in c+wlo in the submucosal veins. These always produced endophlebitis.
Any abnormality of the pancreas was not recognized.
Genito-Urinary System
No genital abnormality was recognized. In general, renal alterations were minimal. Two animals had very early acute tubular necrosis. Two others had small interstitial aggregates of lymphocytes with occasional plasma cells and macrophagrs. There was a tendency for the oldest animals (age groups 15-17) to have mildly thickened glomerular membranes. One animal (group 17), with severe cholangitis, had changes compatible with healing biliary nephrosis. There were clumps of bile pigment within tubular cells, tubular regeneration, casts, and partial sclerosis of some glomeruli. Another, also group 17, had a 1 cm multiloculated cyst on one kidney.
Several w i n a v bladders had mucosal edema, with 'pseudopolyp' formation. Inflammation was minimal. Several animals had deposits of a dense brown pigment in mucosal perivascular macrophages. Schistosome ova were not found.
Lymphoid System
Most spleens had a loose, almost edematous texture, with large, active follicles. Chronic passive congestion, indicated by small scarred infarcts, frequent Gamna-Gandy bodies and pigment granules, probably secondary to schistosomiasis and hepato-vascular changes, was common. Adult schistosomes were found rarely. These were associated with endophlebitis.
Most bmpb mdes sampled were from the mediastinum and contained the same debris as found in the lungs, which produced a mild inflammatory reaction. Unidentified microfilariae were found in several nodes. These were associated with clusters of mononuclear phagocytes.
Endocrine System
In the pitzdav there was little tendency for aggregation of the various typical cell types. Microcysts, up to 2 mm in diameter, occasionally lined with ciliated columnar epithelium, were common.
With age the thyroid had a strong tendency to develop colloid nodules, which commonly undergo cystic degeneration. One gland* had a firm, well defined, unencapsulated, 5 cm in diameter mass which had a whorled, fibrous texture on hand section. Microscopically it was composed of mixed epithelial and fibrous tissue, with both normal and distorted follicles at the periphery. Interspersed and tending to infiltrate the adjacent tissue were nests of ill-defined, often syncytial cells which often had gigantic bizarre nuclei. Extremely large, often multiple, brightly eosinophilic intranuclear inclusion bodies were very common (Fig. 10 ). Mitoses were very rare. Vascular invasion was not found. The identity of this lesion is not clear-cut; the bizarre cells, indistinct outline, and hyperchromatism resemble a tumor, and the syncytial cells, intranuclear inclusions, and lack of invasion suggest viral disease.
No special search for paratbroids was made. Tiny foci of normal parathyroid tissue were found within three thyroids.
There was little variation in size or histologic appearance of the adrenais from one animal to another. One female (age group 15) had a * Collected a year before the main study.
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solitary microscopic cortical nodule. Another female, also age group 15, had bilateral medullary tumors, the left, 22 mm in diameter, the right, 8 mm in diameter. Both were expansive, nonencapsulated but well defined, and composed of cords of uniform cells, different from but clearly derived from the normal medulla. These were considered phaeochromocytomas (Fig. 11) . The heart and kidneys of this animal were of normal size.
Skin
Each animal had innumerable scars, and nearly all had recent wounds of varied size and shapes, some up to 30cm long. Gross suppuration was not found. Some had chronic ulcers, with granular bases and marginal reactive ('pseudoepitheliomatous') hyperplasia. Schistosome cercaria were found in abdominal skin but not in skin of the back. Cercarial vasculitis with thrombosis and microaneurysmal formation occurred.
Discussion
The well-developed lobular septae in the lungs and the muscular sphincters in the bronchioles found in the hippopotamus are also found in other diving mammalsz. The sphincter-regulated arteriovenous anastomoses in the intestinal submucosa probably have to do with complex changes in circulation and physiology required by prolonged submergence.
The pneumoconiotic debris in the lungs and mediastinal lymph nodes is probably a mixture of dirt and fecal material aspirated with small amounts of water. The frequency of small inflammatory foci tends to support this view.
Even though the spectrum of lesions is broad enough to allow confident repeatable subjective ranking, arteriosclerosis in the hippopotamus is functionally insignificant. There is no evidence that the flat fibromuscular plaques contribute to mortality or morbidity. Perhaps the most significant thing about the disease is that it occurs at all in a wild vegetarian with a serum cholesterol level of 10-25 mg%5913. The association of arteriosclerotic plaques with abnormal vasa vasorum has been found in a wide variety of wild animals3. 
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With few exceptions, the important disorders of the hippopotamus are directly or indirectly attributable to parasitism. This occurs to a degree that could easily produce highly significant mortality and be an important ecological factor.
It is not certain whether coccidiosis or fascioliasis be responsible for the chronic inflammatory changes in the biliary tree-proliferation of the biliary mucosa and mild periductal fibrosis. They are probably due to the coccidia, as the lesions directly attributable to Fasciola are more widely destructive, with formation of abscesses.
The finding of coccidiosis in the youngest animal is consistent with the pattern seen in other species. Involvement of the biliary tract is decidedly unusual, the intestine being the common site of infection in herbivores. Only a few sections of intestine were suitable for examination because of the method of collection of the hippopotami. These were free of coccidia. Although definitive diagnosis was not feasible on histologic material, it is probable that the biliary coccidia are Eimeria sp. The lesions are unusually severe, producing considerable inflammation. It is possible that coccidiosis is an important cause of mortality in the younger age groups. The disease in hippopotami is similar to coccidiosis of rabbits which occurs in the biliary tree and is caused by Eimeria stiedae12. To the best of our knowledge, coccidiosis has not been found previously in the hippopotamus.
Given the habits and environment of the hippopotamus it is a safe assumption that schistosomiasis is a universal infection in the study group. At least some of the schistosomes in the various organs have been identified as S. edwardiense*. None of the tissue reactions found is significantly different from reactions occurring in natural and experimental schistosomiasisl, and the distribution and histopathology of the lesions are nearly identical to those described by MCCULLY et al.7 in hippopotami from the Kruger National Park, South Africa. They consider the hippopotamus an aberrant host. The findings in Ugandan hippopotami support this conclusion. S. edwardienxe and probably S. hippopotami are the most important pathogens affecting the adult hippopotamus.
The exact incidence of fascioliasis is unknown as the flukes may be very difficult to demonstrate. The lesions produced by Fasciola are distinguished from those of schistosomiasis with relative ease. 
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They are much less common. The tissue reactions are not greatly different from those in the human disease. The presence of epithelial atypia suggests that carcinoma could result. The endocarditis of the hippopotamus is a striking and common lesion. The ubiquitous schistosome is the probable causative agent. It has the ability to produce severe vascular endothelial changes, and to induce hypersensitivity, at least in m a d . Also, it appears to be the only common factor in animals with endocarditis, and endocarditis is most severe in animals with well-developed schistosomal hepatitis. Endocarditis was found by MCCULLY et al. and attributed to schistosomiasis'.
Although not exactly similar, there are striking analogies between endocarditis of the hippopotamus and two human endocardial diseases. The distribution of the lesions is similar to the distribution in the well-known carcinoid syndrome of man in which a humoral agent in the portal blood damages the valves of the right side of the heart. The site and development of the lesion in the hippopotamus, with its beginnings in the superficial endocardium and the 'stuck-on' appearance of the inflammatory tissue, suggest that it be initiated or maintained, or both, by some factor circulating in the blood.
The geographic distribution is coincident with that of certain obscure human endocardial diseases which are prevalent in sub-Saharan Africa4. In particular, the disease, East African endomyocardial fibrosis (EMF), is very common in northwestern Ugandalo, the locale of this study. EMF usually attacks both ventricles, but often preponderantly the right. Inflammation is not prominent. Available descriptions of EMF are of the heart after death from the disease; perhaps dissimilarities would be less if the early stages were compared.
The paucity of nonparasitic disease in the wild hippopotamus is to be expected, even in old animals. That the diseases found are either trivial or uncommon curiosities does not mean that hippopotami do not develop serious diseases. The chances of finding a sick wild animal in a random sampling are small, particularly in nonprotective or competitive societies. A seriously impaired wild animal will fall quickly to a predator, to starvation through inefficient competition, or to some physical environmental factor. There are close similarities between the findings of this study and observations of a very different species, the pilot whalez, in which a few minor conditions occur against a background of parasitic disease. The parasites and target organs differ, but the pattern is the same.
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Summaty
Sixty wild hippopotami killed at random on Lake Edward, Queen Elizabeth National Park, Uganda were autopsied. Schistosomal hepatitis and its complications, biliary coccidiosis, and fascioliasis were the most significant findings. These diseases may be of ecologic importance. A case of congenital bronchiectasis and one of bilateral pheochromocytoma were found. A tumor-like mass, possibly of viral origin, was found in a thyroid. Arteriosclerosis, a mild disease in hippopotami, with fibromuscular medial plaques, progresses throughout life. It produces no significant morbidity. Endocarditis, particularly in the right chambers, occurs frequently, apparently caused by schistosomiasis. Similarities to endemic endomyocardial fibrosis of man, particularly geographic distribution, site of lesion, and, to a lesser extent, structure of lesion, are discussed.
Zusammenfassung
60 wilde Flusspferde, die am Lake Edward, Queen Elizabeth National Park in Uganda getoter worden waren, kamen zur Sektion. Hepatitis durch Schistosomen rnit Komplikationen, Gallen-Kokzidiose und Leberegelbefall waren die auffalligsten Befunde. Diese Krankheiten konnen okologisch von Bedeutung sein.
Ein Fall rnit kongenitaler Bronchiektasie und einer rnit einem bilateralen Phaochromocytom wurden beobachtet. Eine tumor-ahnliche Masse, moglicherweise virusbedingt, fand sich in einer Schilddruse. Ebenso Arteriosklerose, eine beim Flusspferd gutartige Erkrankung, mit bindegewebig-muskularen Media Plaques, die im Verlauf des Lebens fortschreitet. Endokarditis, besonders der rechten Kammern, tritt haufig auf, offensichtlich durch Schistosomiasis verursacht. ubereinstimmungen mit der endemischen Endomyokard Fibrose des Menschen werden besonders im Hinblick auf die geographische Verbreitung und die Lokalisation der Veranderung diskutiert, sowie in geringerem Masse ihre histologische Struktur.
